The design of an automatic voltage regulator (AVR) 
Introduction
With continuous development of electronic power devices, microprocessor power system is widely used in numerical control systems. Distributed power supply technology is one of the development trends of modular power supply system. Traditional distributed power supply uses AC-DC module to transform commercial voltage into DC bus voltage transferred to load [1] . For power commercial voltage this control method produces greater energy consumption. The current electric power crisis and large area blackout have exposed that the centralized traditional power system can't meet the requirements for modern digital developments [2] . We introduce microcontroller acquisition technology and AVR control software system into the traditional distributed power supply design for improved system performance. The various relay switch circuits are controlled by selecting power modes in different environment to reduce the utilization of commercial power. We use PID algorithm to realize the function of MPPT and to adjust the stability of output power parameters. The optimization of battery charging process is optimized to reduce the interference of output voltage.
Description of PID Algorithm Voltage Control

Figure 3. PID Control Principle
PID controller is widely used because of its availability and simplicity [6] . Figure 3 shows the PID control system. Fig.4 shows the PID algorithm flow chart. The PV power system is discussed next. 
PV Power System
Solar energy is considered as green ecological energy which has advantage of high efficiency. PV arrays are the core components of PV power system. As the volt-ampere characteristic of PV array has a strong nonlinear characteristic that is affected by illumination and temperature. This characteristic affects the solar maximum power output because the impedance of solar cells does not match load equivalent resistance [7] . We use MPPT technology to make solar battery works in the maximum power point and to improve the efficiency of PV power system. MPPT is an important technology in independent PV power system. This technology can control the voltage of solar cell output stability. PV arrays work in maximum power point and make full use of solar energy. The disturbance observation method is widely used in MPPT technology because of simplicity and reliability. The method is continuing to detect the output parameters of solar cell according to varying output power.
DC -DC Converter Application
As PV system is easily affected by light intensity, DC-DC converter is used to realize the dynamic load change to achieve maximum power output. Figure 5 shows the circuit of DC-DC converter with MPPT control [8] . DC-DC converter adjusts output voltage as well as current. AVR microcontroller analyzes the measured data of DC-DC converter in the PV arrays circuit. The microcontroller outputs PWM pulse to adjust the duty ratio of DC-DC converter which is used to control the solar cell output. If transformation working point and the maximum power point of PV arrays overlap, load equivalent resistance can match PV cells impedance to make full use of solar energy. 
Battery Charging Mode
Independent PV power system uses PV arrays to charge the battery. Lead-acid battery is one of the weakest links as energy storage module in the system. The charging method affects the service life of the lead-acid battery. The system optimizes the battery charging process by detecting the output parameters of PV cell and charging battery [9] . Fig.6 shows the three phase optimization ways of battery charging. In the process of constant current charging (stage 1), charging current is constant when the charging voltage increases linearly. In the process of constant voltage charging (stage 2), the charging current drops gradually with the increase of battery electromotive force. In the process of float voltage charging (stage 3), the charging current is almost zero to improve the charging efficiency. Figure 7 shows the MPPT control method with PID algorithm. Voltage and current of PV arrays are sampled by AVR system. Output power of PV arrays is calculated by multiplier in AVR system. Then current power value is compared with the memory power value by comparator to adjust the duty cycle of charging PWM. We analyze the output characteristics of PV arrays and battery charging. Charging PWM controller of PV power system is designed based on AVR processor. Software system uses atmega88 chip as a core controller of buck DC-DC conversion circuit. Control program analyzes the parameters signal of solar cell by AD sampling to produce PWM signal for battery charging. Photoelectric coupler driver circuit can adjust switch tube turn-on time of buck circuit. Output parameters of PV cell are sampled by AVR microcontroller to calculate the values of PID feedback. AVR microcontroller program continuously collects varying duty ratio of PWM to track the direction of maximum power point. Thus the photoelectric coupler driver circuit can precisely change the duty ratio size until program finds the maximum power point. Battery charging signals are still collected to meet the load changing impedance. The controller utilizes MPPT method to improve the efficiency of battery charging. 
PWM Method
Results and Discussion
In this section we present both experimental and MATLAB simulation results. In Figure 8 the Channel R1 and Channel 1 show the commercial voltage and battery voltage, respectively. The AVR microcontroller program disconnects the commercial power system to make battery voltage automatically boost up to 220V for load working when battery is fully charged. We observe that the commercial power supply turn off at point 'a' and the battery storage power supply turn on within 150ms. The dynamic response of system output voltage is stable. As shown in Figure 9 , the minimum voltage is 214.2V and maximum voltage is 228.7V indicating that the small fluctuation occurs at around 220V. The system achieves the maximum output voltage about 1.4 sec earlier than the non-PID algorithm (dashed line shows simulation result for Non-PID algorithm). The minimum and maximum voltages are 210.7V and 242V, respectively. Experiment results show that the proposed system outperforms than the traditional system with respect to the system steady state. Table 1 shows main parameters of the proposed distributed power supply system. The battery charging capacity is 98% which is 1% higher than the traditional power supply reported in the literature [10] . Similarly, the MPPT efficiency is about 94% which is 2% higher than the existing work reported in the literature [11] . It improves the use efficiency of solar energy and optimizes the charging process of battery charging. Table 2 shows the charging battery parameters of boost circuit with MPPT method. The utilization efficiency of charging power to load with MPPT technology is obviously improved that is verified from comparative data in table 2. The average output power efficiency of charging battery with MPPT method is about 96%. Table 3 compares our results with the existing works (References 10 and 11). We can observe that the proposed system performed better with respect to the charging capacitance and MPPT efficiency.
Conclusions
An AVR microcontroller-based distributed power system has been designed and reported in this paper. The system includes hardware driving system and AVR microcontroller system. We use software control technology for storage battery charging and discharging. The various relay switch circuits are used to control power modes in different environments. Experiment results show that the proposed system outperforms the traditional system with respect to the function of track, monitor and fine-tune for system steady state. The output voltage is almost 220V. The system achieved quick stability (1.5 sec earlier than the Non-PID algorithm). Battery charging efficiency is about 98%, MPPT efficiency is 94% and the average output power efficiency is 96%, indicating that the proposed system performed better than the traditional system.
